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The difficulty with integrating solution-phase hydrogen/deuterium exchange (HDX) and
tandem mass spectrometry is that the energy added to cause fragmentation might promote
gas-phase migration of the added deuterium atoms. Here, we compare the solution-phase
HDX profiles generated from a- b- and y-type fragment ion series originating from capillary-
skimmer dissociation. The isotopic distributions of fragments from the different fragment ion
types were used to determine the isotopic state of the amide hydrogen within a specific
residue. Even though the same amide hydrogen was examined, the result was different for
different fragment ion types. This observation indicates that different fragment series are not
equally subjected to inter-molecular migration during collision-induced dissociation (CID). We
also investigated the gas-phase reactivity of originally undeuterated CID fragments of
penta-phenylalanine using gas-phase HDX in an external accumulation hexapole. The incor-
poration of deuterium into the different fragments was studied as a function of hexapole
pressure. It was found that different b- and y-ions from the same peptide had different
gas-phase reactivity. However, the a-ions did not display significant gas-phase reactivity. The
observed behavior has significant impact on any method that involves comparing the isotopic
distributions of different fragment ions. Great care has to be taken in the interpretation of the
HDX data using CID to increase the spatial resolution. The isotopic state observed after
solution-phase exchange might be more preserved for some CID-fragment types. (J Am Soc
Mass Spectrom 2004, 15, 639–646) © 2004 American Society for Mass SpectrometryThe first study involving solution-phase hydro-gen/deuterium exchange, HDX, in combinationwith mass spectrometry was published in 1991 by
Katta and Chait [1]. That paper described the confor-
mational changes in ubiquitin induced by changing the
solvent composition. Mass spectrometry has several
advantages compared with; it is less time consuming,
more sensitive, and it can be used to study larger
proteins. Over the last decade, the experimental ap-
proach of combining HDX and mass spectrometry has
proven to be an excellent analytical tool and it has been
used in a vast variety of studies. The standard approach
for obtaining structural information with HDX and
mass spectrometry involves three steps: First, the pro-
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Second, the exchange is quenched by lowering the pH
and the temperature. Third, a proteolytic enzyme, ac-
tive under quenching conditions, is added. The protein
digest is then analyzed with a mass spectrometer and
the deuterium incorporation is examined. The proteo-
lytic fragments are localised to different parts of the
protein by peptide mapping [2–8].
Amide hydrogens participating in secondary struc-
ture, such as -helices and -sheets, exchange slower
than labile amides hydrogens accessible to the solvent
with a factor of one thousand [9]. The exchange rate is
dependent on factors, such as the pH and temperature
of the surrounding solution [10]. The isotopic exchange
of solvent-accessible amide hydrogens is also affected
by the three-dimensional structure of the neighboring
amino acid side chains: Bulky side chains make it more
difficult for the solvent molecules to interact with the
amide hydrogen, and the exchange will be slow [10].
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protein–protein interactions [11].
The standard HDX protocol provides medium reso-
lution since it gives information about the solvent
accessibility of an entire proteolytic fragment. To eluci-
date detailed biological processes, it is often important
to determine more precisely where an interaction on the
peptide backbone occurs. Therefore, there is a need for
methods that can provide higher structural resolution.
In order to increase the spatial resolution, proteolytic
digestion could be complemented or replaced with
other fragmentation techniques, such as collision in-
duced dissociation (CID) [12, 13].
Under low energy conditions, the dominant CID
fragment types are b- and y-ions, but energetic b-ions
can be decomposed into a-ions by releasing a CO-group
[14]. The mass difference between two consecutive
fragments of the same fragment ion type identifies the
additional amino acid residue of the larger fragment
[15, 16]. It is still a matter of debate whether amino acid
residue specific information can be obtained with tan-
dem mass spectrometry and isotopic labelling tech-
niques. A major problem with the combination of HDX
and physical fragmentation techniques, such as CID, is
that gas-phase deuterium scrambling, which obscures
information about solution-phase exchange processes,
can occur as a result of the increased internal energy.
Gas-phase HDX occurs through a relay mechanism and
depends on the gas-phase acidities and proton affinities
of the different constituents of the exchanging complex
[17–19]. It is also clear that the collision energy is an
important factor [20]. Earlier studies of deuterium
scrambling indicate that the process is closely con-
nected to the experimental set-up.
Johnson et al. investigated the proton mobility in
low-energy collision induced fragmentation of small
deuterated peptides in a triple quadrupole instrument
and found that it resulted in gas-phase migration of the
amide hydrogens [21]. McLafferty et al. investigated
sustained off-resonance irradiation (SORI) CID of deu-
terated cytochrome c in a Fourier transform ion cyclo-
tron resonance (FT-ICR) instrument and reported exten-
sive scrambling [22]. SORI-CID is a slow heating
process, which increases the possibility of exchange
processes occurring prior to peptide bond dissociation.
Kaltashov et al. have proposed a model for HDX
reactions in the gas phase [20]. This model includes
complex formation between the reactant gas and a
protonated site, and isotopic exchange within that com-
plex. Following exchange, the complex is dissociating
and intramolecular exchange can occur. The internal
energy of the peptide ion of interest affects the different
steps in the model. A high internal energy decreases the
rate of formation of the exchanging complex, and
results in less deuterium incorporation [20].
In contrast to the experiments described above, An-
deregg et al. used tandem mass spectrometry in a triple
quadrupole instrument to study short deuterated heli-
cal peptides and reported that scrambling was notsignificant during CID [23]. Also in other papers, the
structural information obtained by HDX in combination
with physical fragmentation methods is in agreement
with information obtained by NMR: In a study by Deng
et al., the average mass increase of consecutive CID
fragments was determined after HPLC separation of
peptic fragments of cytochrome c. They reported no
scrambling for b-ions but found that y-ions were sub-
jected to scrambling [24]. In order to elucidate the
formation of fibrils, insulin has been studied by HDX
and tandem MS during folded and aggregated condi-
tions [25]. The study showed that an increased accessi-
bility of the C-terminal region triggers the conversion
from soluble to fibril form. These results are consistent
with other studies concerning the conversion of differ-
ent proteins to fibril form.
The most established method for obtaining structural
information at high resolution is to measure the differ-
ence in the average deuterium incorporation between
two consecutive peptide fragments. In order to more
precisely determine the isotopic state of a particular
amide hydrogen, the isotopic distributions of two con-
secutive fragments can be utilized, rather than the
average mass increase of these fragments [13, 26].
However, only abundant fragments result in accurate
calculations. Therefore only efficient fragmentation
methods can be used for this type of analysis.
The approach of comparing either the average mass,
or the isotopic distributions, of two peptide fragments is
based on the assumption that the peptide fragments are
non-reactive in the gas phase [13, 24–26]. Consecutive a-
or b-fragments should affect the distribution function
(see eq 4 below) for the amide hydrogen equally and the
rate for the exchange process at one specific residue
should be the same in both cases. Here, we investigate
these assumptions by both solution- and gas-phase
HDX experiments. In the solution-phase exchange ex-
periments the deuterium-to-hydrogen exchange (DHX)
process at specific residues in small neuropeptides was
monitored. The gas-phase experiments, involving CID
fragments, were performed in an external accumulation
hexapole [27].
Experimental
Sample Preparation
The peptides penta-phenylalanine (Phe)5, substance
P(Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-
OCH3), and [Tyr
4]-bombesin (pGlu-Gln-Arg-Tyr-Gly-
Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2) were pur-
chased from Sigma Aldrich (Stockholm, Sweden). The
peptides were fully deuterated by dissolving them in
D2O (99.9% Sigma Aldrich) to a concentration of 10
4
M. The (Phe)5 sample had to be heated to 45 °C and
sonicated for 20 min in order to properly dissolve. The
dissolved peptides were allowed to exchange for at
least 24 h. Deuterium to hydrogen back-exchange was
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with 390 l of a solution consisting of 50% H2O, 47%
methanol (Merck, Darmstad, Germany), and 3% acetic
acid (Sigma, Steinheim, Germany).
The final deuterium content relative to all exchange-
able hydrogen isotopes in this mixture is 10%. The
peptide concentration was 10 M and the pH was
2.85–2.9 during all experiments. At this pH, the amide
hydrogen exchange rates are at their minima, allowing
on-line monitoring of the exchange profiles. For all
experiments no polymers could be observed in the mass
spectra.
HDX and Mass Spectrometry
Solution-phase DHX experiments of peptides. Following
dilution of deuterated peptides into spraying solvents
(see above), peptide solutions were rapidly loaded into
a 250 l syringe (Hamilton Co., Reno, NV), which was
connected to an electrospray ion source (Analytica of
Branford, Branford, CT). Nitrogen was used as nebuliz-
ing gas and a potential difference of 4 kV was applied
between the electrospray needle and the entrance cap-
illary. The housing of the Analytica source was con-
stantly purged with dry nitrogen to create a similar
atmosphere for all experiments. Capillary-skimmer
fragment ion spectra were acquired on a 9.4 tesla
FT-ICR mass spectrometer (BioApex-94e, Bruker Dal-
tonics, Billerica, MA). The capillary voltage was opti-
mised to maximise the fragmentation efficiency for the
different peptides. The following values were used: 350
V for (Phe)5, 350 V for substance P, and 320 V for
bombesin. Following dissociation, peptide fragment
ions were externally accumulated in a hexapole for
2–2.5 s. Solution-phase exchange profiles were obtained
by acquiring fragment ion spectra continuously during
the exchange. All spectra represent an average of 65
scans.
Gas-phase HDX experiments of peptide fragments. A black
dust coated capillary [28] with an i.d. of 50 m was
coupled to a home-built pressure-directed infusion elec-
trospray apparatus. The pressure inside the infusion
pump was 0.3 bar during the experiments. A computer-
controlled shutter was mounted in front of the entrance
to the mass spectrometer [29]. A defined ion ensemble,
determined by tinjection, was fragmented in the capillary-
skimmer area. Fragment ions were accumulated in the
external hexapole and allowed to react with gaseous
D2O for a certain time period, tstorage. To avoid multiple
storage assisted dissociation, MSAD, the tinjection was set
to 0.8 s and tstorage was set to 1.0 s. The hexapole
pressure was raised from 1  105 mbar to 5  105
mbar by leaking in D2O through the liquid-gas inlet
system of the mass spectrometer prior to the experi-
ment. The capillary voltage was 350 V and each mass
spectrum represents an average of 300 scans.Data Analysis
Isotopic distributions. The distribution function of an
element that has two possible states is a binomial
distribution, if the element has three possible states it is
a trinomial distribution. To calculate the probability, f,
that a certain number, k, of atoms of one element are in
a particular isotopic state of two possible (i.e., 12C or
13C), a binomial distribution of the following form was
used:
fk   n!k!n  k!pelemk1  pelemnk (1)
in which n  the total number of atoms of that partic-
ular element, and pelem  the relative abundance of the
particular isotope. The relative abundance of naturally
occurring isotopes, pelem, are known. For a molecule
consisting of known numbers of atoms of particular
elements, the isotopic distribution is given by a convo-
lution of the binomial distributions of those elements.
For a molecule built up from C, H, N, and O, the
isotopic distribution of the molecule, fmol(j), is given by
eq 2.
fmol j  f CnCa f HnHb f NnNc f OnOd,
for all j  a  b  c  d (2)
In the distribution function for the oxygen, fO
nO(d), the fO
provides information about which element is of inter-
est, the f nO tells the number of oxygen atoms present in
the molecule and the (d), in which isotopic state the
atom is. For a trinomial distribution the variable d can
be either 0,1 or 2. If hydrogen atoms bound to S, O, N,
are in an environment which contains deuterium, incor-
poration will occur at the labile sites. Then, an addi-
tional distribution function for the labile hydrogens,fH
nH/
D(e), has to be added to eq 2.
fmoli  f Cnca f NnNb f OnOc f HnHd f H/DnH e,
for all i  a  b  c  d  e (3)
To calculate the isotopic state of a particular amide
hydrogen from two consecutive fragment ions of the
same fragment type an equation of the following type
was used:
Am1k  AcorrkAmq fresr fH/Ds,
for all k  q  r  s (4)
in which A(m1)(k) corresponds to the relative magni-
tudes of all isotopic peaks, k, observed for the larger
fragment. A(m)(q) corresponds to the relative magni-
tudes of all isotopic peaks, q, observed for the smaller
fragment. fres(r) corresponds to the theoretical relative
abundances of the isotopic peaks, r, of the intermediate
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abundance of hydrogen isotopes, s, caused by the
added deuterium and Acorr is a factor that corrects for
the use of relative abundances instead of probabilities.
The only unknown in eq 4 is the fH/D(s) function, which
was determined by a least-square analysis.
Deuterium to Hydrogen Exchange Behavior at a
Specific Amide Linkage
The deuterium to hydrogen back exchange should
follow the equation below:
pD  1  e
kext   (5)
in which  is the D/(D  H) ratio in solution, which
amounts to 0.1 in the present experiments. The D to H
exchange rate constant is given by kex. At time zero, the
probability of an amide hydrogen to be deuterated is
equal to one. At equilibrium, the deuterium content at
labile sites reflects the isotopic ratio in solution. Devia-
tions from this behavior are consequences of gas-phase
exchange processes.
Results and Discussion
In the solution-phase exchange experiments, the modi-
fied neuropeptide substance P-OCH3 and (Tyr
4)-bomb-
esin were used. The size of peptides in a tryptic digest
is in the same range.
Extensive fragmentation was observed following
capillary-skimmer dissociation and both b- and a-frag-
ments were obtained from both peptides. The difference
between the isotopic distribution function for the b- and
a-fragments is that the b-fragments contain two addi-
tional components: the isotopic distribution function for
the carbon and oxygen of the carbonyl group.
The magnitudes of the obtained b and a-fragments
allowed calculation of the isotopic state at specific
residues in both substance P-OCH3 and (Tyr
4)-bomb-
esin. As an example, the deuterium level for three
amide hydrogens are evaluated as function of the
exchange time in solution. By extrapolating the gener-
ated exchange curve to time point zero and to infinity
both the initial and final probabilities of having a
deuterium at a particular amide hydrogen position
were established. For a fully deuterated peptide, the
initial deuterium content at labile amide sites is 1.0 and
the equilibrium level of deuterium is 0.1, reflecting the
deuterium content in solution. The isotopic state of the
amide hydrogen at the ninth residue, a glycine, in
substance P-OCH3 could be determined in two separate
calculations using either a8-, a9- or b8-, b9-fragments,
Figure 1. The initial deuterium content, using the a- and
b-fragments, was 0.76 and 0.54, respectively, instead of
the expected 1.0. The equilibrium level was 0.25 and
0.24 using both fragment types instead of the expected0.1. The initial and final measured deuterium content
did not reflect the deuterium content in solution.
An even more striking difference between the two
fragment series was observed in the elucidation of the
exchange processes of the amide hydrogen of the phe-
nylalanine at the seventh residue in substance P-OCH3,
Figure 2. Basing the calculations on a-fragments re-
sulted in an exchange process for the amide hydrogen
with an initial deuterium content of 0.62, which is lower
than the expected 1.0 and a solution isotopic ratio
equilibrium of 0.14, which is higher than the expected
0.1. The exchange process, as observed by using the
a-fragments in the calculations, displayed exponentially
decreasing exchange process whereas the results from
the isotopic distributions of the b-fragments were cen-
tered at 0.2, regardless of time.
The same observation was made in a study of the
alanine amide hydrogen at the ninth residue in (Tyr4)-
bombesin, Figure 3. The exchange process of the alanine
amide hydrogen was investigated using the isotopic
distributions of the a9 and a8-fragment.
Initially the measured deuterium content was 0.79
and the equilibrium level was 0.19. The same exchange
process could also be investigated using the corre-
sponding b-fragments, b9 and b8. Then, the measured
initial deuterium content of the amide hydrogen at the
alanine residue was 0.42 and the equilibrium level was
the same as for the a-fragments. From these results it is
clear that gas-phase exchange reactions are taking place
since the generated exchange curve is deviating from eq
5. Again, using a-fragments in the calculations gave an
exchange pattern which better reflects the exchange
Figure 1. The D/H exchange of the amide hydrogen at the ninth
residue, a glycine residue, in substance P-OCH3 is plotted as a
function of the reaction time in solution. The exchange behavior
could be followed by two separate calculations since intense a8-,
a9-, and b8-, b9-fragment ions were obtained in the fragmentation
process. The filled diamond represents the exchange behavior
using the a-fragments in the calculations and the open triangle
represent the behavior calculated from the b-fragments. During
the experiment some gas-phase exchange occurred since the
observed exchange behavior deviates from eq 5. Even though the
same amide hydrogen was studied the results from the different
fragment series were not in perfect agreement.
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isotopic distributions of the b-fragments. The explana-
tion could be that the a10-, a9-, and b10-, b9-fragments are
not equally susceptible to gas-phase exchange during
the experiment. The elevated levels found at infinite
Figure 2. The D/H exchange of the amide hydrogen at the
seventh residue, a phenylalanine residue, in substance P-OCH3 is
plotted as a function of the reaction time in solution. The isotopic
state of the amide hydrogen was calculated by comparing the
isotopic distributions of both the a7 and a6 or b7 and b6 fragments.
The expected D/H exchange behavior is more preserved and less
scrambled using the isotopic distributions of the a-fragment ions,
filled diamond, compared to the b-fragment ions, open triangle, in
the calculations.
Figure 3. The D/H exchange at the amide site at the ninth
residue, an alanine residue, in (Tyr4)-bombesin is plotted as a
function of the reaction time in solution. Both b- and a-fragments
were obtained from capillary-skimmer dissociation. The determi-
nation of the isotopic state of this hydrogen was made by using
consecutive isotopic distributions from two fragment types in the
calculations. The exchange process in solution is less scrambled
using the a-fragments, filled diamond, instead of the b-fragments,
open triangle.time could be explained if the xn-fragment is more
reactive in the gas-phase then the xn1-fragment.
Previously, a similar deviation between the pre-
dicted isotopic state in solution and the measured
isotopic state has been observed for amide hydrogens in
a number of homopeptides [26].
Gas-Phase Experiments
To investigate the gas-phase reactivities of CID-frag-
ments, an additional experimental approach was un-
dertaken. The idea was to mimic the situation in the
first pumping stage of the instrument during CID-
conditions. An undeuterated peptide and its capillary-
skimmer dissociation products were stored in an accu-
mulation hexapole containing gaseous D2O. The benefit
of using an external ion accumulator, see Figure 4,
instead of performing the gas-phase exchange reactions
in the cell of the mass spectrometer is that there is no
need for pump down periods before analysis can take
place [27].
The gas-phase exchange involving D2O and dissoci-
ation fragments takes place through a simultaneous
gain and loss of deuterium and hydrogen. The mecha-
nism is referred to as the relay mechanism [17]. For
gramicidin S it has been shown that at high internal
energy there is a decrease in the extent of deuterium
incorporation. That observation was explained by a
large decrease in the formation rate and stability of the
exchanging complex [20]. When using low-energy up-
front collision-induced dissociation, the fragmentation
takes place in the high pressure region of the mass
spectrometer by applying a potential difference be-
tween the capillary and the skimmer. The peptide ions
are accelerated and will collide with other molecules.
The internal energy of the peptide ions is increasing
after each collision and eventually a peptide bond,
which is the weakest, will dissociate. The probability for
gas-phase exchange is highest in the first pumping
stage of the instrument due to the relatively high
pressure.
In order to quantify the difference between the
fragments’ gas-phase reactivities, the relative mass in-
crease for penta-phenylalanine fragments is plotted as a
function of the reaction pressure, see Figure 5a, b, and c.
This peptide has previously been shown to lose all
information about its solution-phase exchange behavior
during tandem mass spectrometric analysis [26]. For
this peptide, the observed a-ion (shown in Figure 5a)
and two of three observed y-ions (shown in Figure 5c)
showed a linear increase of mass as a function of
hexapole pressure. The obtained b-ions were more
reactive and incorporated deuterium in a logarithmic
manner, see Figure 5b. This observation is in contrast to
what has been reported in another study concerning
CID MS/MS and HDX. That study reported the gas-
phase exchange in both protonated and sodiated a-, b-,
and y-ions and found similar gas-phase exchange prop-
n tim
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same charge carrier [30].
A possible explanation to our findings is linked to
the peptide dissociation process. It is known that the
b-ions are protonated oxazalones [14]. The dissociation
of b2-ions into a2-ions is accomplished by releasing the
carbonyl carbon and oxygen along with a kinetic energy
release. Ab initio calculations showed that the proton-
ated oxazalone has the lowest energy structure and the
resulting a2-ions and cabon monoxide have a potential
energy of 0.61 eV higher compared to the protonated
oxazalone [14]. Studies of larger peptides showed that
the fragmentation bn 3 an  CO (n  3, 4, 5) is linked
to a large kinetic energy release and the products have
higher free energy compared with the reactants [31]. In
a study examining the gas-phase exchange dependence
on parameters such as the reactant gas pressure and the
degree of internal excitation of the reactant ions, a
model for the isotopic exchange was presented [20]. It
was suggested that the stability of the exchanging
gas-phase complex is dependent on the internal energy
of the peptide ions. If the peptide ion is highly ener-
getic, the exchanging complex will be unstable and
isotopic exchange will be less likely. The higher internal
energy, compared with the b-fragments, of the pro-
duced a-fragments might lower the formation probabil-
ity of the exchanging gas-phase complex according to
the gas-phase exchange mechanism described above.
Since the corresponding b-fragments are less energetic,
the corresponding exchanging complex is more stable
and therefore results in a higher degree of isotopic
exchange.
In another study the activation energies in the colli-
sion induced dissociation process were investigated for
smaller peptides. It was found that the activation en-
ergy for the a1-fragment formation was both experimen-
tally and theoretically close to the values suggested by
Harrison et al. [14]. The activation energy for the
y1-fragment formation was somewhat lower compared
to the a1-fragment formation. The dissociation leading
to b2-fragment formation had the lowest activation
energy [32]. In our experiments, the gas-phase reactivity
of the y-fragments displayed a regular characteristic
correlated to the size of the fragment. The smallest
y-fragment incorporated most deuterium in the gas
Figure 4. Gas-phase experiments were perform
(Phe)5. The parent ion was fragmented with
y-fragments were observed. The peptide ions we
had been added. The hexapole pressure was va
shutter was mounted in front of the entrance to t
of ions accumulated in the hexapole. The reactiophase, resembling the typical b-fragment uptake. The
larger fragments, y3 and y4, incorporated less deuterium
and had a similar uptake profile as the a4-fragment.
It has also been observed that the gas-phase ex-
change rate and extent have a close correlation to the
gas-phase structure [33, 34]. Thus, another possible
explanation for our experimental results could be that
the different fragment types produced by CID have
specific structures. The b-fragments have an oxazalone
structure whereas the corresponding y-fragments have
a linear configuration. The a-fragments are immonium
ions formed through the loss of a CO-group from the
b-ion oxazalone structure. The a4-fragment and the two
larger y-fragments displayed a similar gas-phase ex-
change behavior, both in terms of rate and extent, see
Figure 5a and c. An explanation could be that these CID
fragments adopt a rather compact gas-phase conforma-
tion which prevents gas-phase exchange. It is possible
that the shortest y-fragment, the y2-fragment, cannot
adopt such a conformation in the gas phase due to its
smaller size. In comparison with the other CID-frag-
ment types, all three b-fragments displayed a different
kinetics for the incorporation of deuterium, see Figure
5b. Consequently, the b-fragments had a conformation
which is more favorable for gas-phase exchange reac-
tions. The gas-phase reactivity of the fragment ions
from bradykinin has been investigated by Mao and
Douglas using a linear quadrupole ion trap [35]. In that
experiment, the y-fragments were more reactive in the
gas phase and incorporated most deuterium. It was not
possible to find a consistent gas-phase characteristic for
the b- and a-fragments. This observation could be ex-
plained by the fact that the different amino acids in the
peptide might cause consecutive fragments of the same
type to display different gas-phase exchange properties
due to different gas-phase conformations. Our results
originate from CID-fragments of penta-phenylalanine
and are thus independent of variations in amino acid
composition.
Conclusions
Using the HDX profiles of consecutive peptide frag-
ment ions to obtain amino acid residue-specific struc-
tural information is complicated because of the fact that
ith originally undeuterated penta-phenyalanine,
illary-skimmer dissociation; both a-, b-, and
cumulated in a hexapole, to which gaseous D2O
between 1  105 mbar and 5  105 mbar. A
ass spectrometer in order to control the amount
e was fixed for all reaction pressures.ed w
cap
re ac
ried
he m
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exchange properties.
For penta-phenylalanine, a difference in gas-phase
deuterium incorporation was observed between the
generated fragment types and lengths. The variation
could either be explained by different internal energy of
the obtained fragments or different gas-phase confor-
mations. Larger y- and a-fragments are less reactive
than b- and y2-fragments.
The differences in gas-phase reactivity of the CID
Figure 5. The relative mass increase of different fragment types
and parent ion of penta-phenyalanine, (Phe)5, is plotted as a
function of the reaction pressure in the accumulation hexapole.
Prior capillary-skimmer dissociation resulted in a4-, b2-, b3-, b4-, y2-,
y3-, and y4-fragments at all reaction pressures. The relative deute-
rium incorporation into the a4 fragment can be seen in (a), the
incorporation into the b-fragments in (b), filled diamond  b4,
filled square  b3, filled triangle  b2, and the incorporation into
the y-fragments, filled diamond  y4, filled square  y3, filled
triangle  y2, in (c).fragments and between different fragment types have
implications for how to interpret MS/MS data from
solution-phase exchange experiments. In such experi-
ments the same amide hydrogen can be examined by
using different fragment types. Using the less gas-phase
reactive fragment type will preserve more of the infor-
mation about the solution-phase exchange process at
specific amino acid positions. Alternatively, fragmenta-
tion techniques that occur in the low pressure region of
the mass spectrometer should be used in HDX experi-
ments.
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